We studied 24 spleens with extramedullary hematopoietic proliferation (EMHP), a key feature of advanced-stage Philadelphia chromosome-negative myeloproliferative neoplasms, obtained from 24 patients (14 primary myelofibrosis, 7 polycythemia vera and 3 unclassifiable). Hematoxylin and eosin, reticulin and trichrome stains, and immunohistochemical stains for myeloperoxidase, glycophorin-C, CD42b, CD34, CD117, CD8, nerve growth factor receptor and smooth muscle actin were evaluated. Clinical information was correlated with the morphological findings. Three distinct histological patterns of EMHP were recognized: diffuse (12), nodular (5), and mixed-nodular and diffuse (7). The preponderant lineage was granulocytic in diffuse, trilineage in nodular and erythroid in mixed EMHP. Erythropoiesis was largely intravascular, granulopoiesis was within the splenic cords and megakaryopoiesis was observed in both locations. The stromal changes paralleled the histological pattern with preservation of the splenic stromal and vascular architecture in the diffuse areas as opposed to areas of nodular EMHP. The morphological features of the splenic EMHP did not correlate with specific subtypes of myeloproliferative neoplasms. The mean duration of follow-up from initial diagnosis was 80 months. A total of 15 of the 24 patients died of disease: 8 of 12 (67%) with diffuse, 2 of 5 (40%) with nodular and 5 of 7 (71%) with mixed growth patterns. The mean duration from diagnosis to splenectomy was shorter in patients with diffuse (83 months) as compared with those with nodular EMHP (127 months). Our study demonstrates that splenic extramedullary hematopoietic proliferation in Philadelphia chromosome-negative myeloproliferative neoplasms shows distinct histological patterns that do not correlate with disease subtypes, but appear to suggest a trend between the histological patterns and clinical behavior. These results suggest a different biology of the disease in the nodular and diffuse extramedullary hematopoietic proliferation groups.
Extramedullary hematopoiesis resulting in progressive splenomegaly is a key feature of advanced-stage disease in Philadelphia chromosome-negative myeloproliferative neoplasms, a group of hematological neoplasms that includes essential thrombocythemia, polycythemia vera, primary myelofibrosis and myeloproliferative neoplasm-unclassifiable. 1, 2 The occurrence of extramedullary hematopoiesis in myeloproliferative neoplasms is associated with abnormal trafficking patterns of clonal hematopoietic progenitor cells and hematopoietic stem cells attributed to dysregulation of the bone marrow microenvironment. This results in circulating mature and immature marrow elements that home to the spleen. [3] [4] [5] There, the bone marrow-derived cells undergo sustained malignant multilineage hematopoiesis, resulting in progressive splenomegaly. Studies based on the identification of loss of heterozygosity 6 and presence of JAK2 V617 mutation 7, 8 have provided evidence that splenic extramedullary hematopoiesis in myeloproliferative neoplasms is clonal, supporting the hypothesis that hematopoietic cells causing the splenic proliferation are derived from the transformed bone marrow clones. To further emphasize the neoplastic nature of splenic extramedullary hematopoiesis in myeloproliferative neoplasms, and to distinguish it from reactive extramedullary hematopoiesis, O'Malley et al 9 have proposed to use the term, 'splenic hematopoietic proliferation,' in this disease context.
It is well known that the spleen is a major site of disease as well as disease progression in the advanced stages of Philadelphia chromosome-negative myeloproliferative neoplasms, and that acute leukemic transformation in these neoplasms can occur in the spleen. 10 Nonetheless, there is very limited information on the pathogenetic mechanisms involved in this phenomenon. Most of the studies elucidating the biology of Philadelphia chromosomenegative myeloproliferative neoplasms have been performed on bone marrow-derived or circulating hematopoietic stem cells/hematopoietic progenitor cells. In contrast with the extensive available literature on the histological findings of myeloproliferative neoplasms in the bone marrow, the morphological and immunohistochemical features of the splenic extramedullary hematopoietic proliferation (EMHP) in these neoplasms have not been extensively studied. A previous study by Mesa et al 11 evaluated the prognostic value of splenic histopathology in myelofibrosis with myeloid metaplasia, based on microscopic examination of hematoxylin and eosin-stained sections of spleen. O'Malley et al 9 evaluated the differential morphological and immunohistochemical features of the splenic hematopoietic proliferations in neoplastic and benign disorders. The aim of the current study was to evaluate the histological and immunohistochemical features of EMHP in the spleen from patients with Philadelphia chromosome-negative myeloproliferative neoplasms and to see if they correlate with the specific subtypes, as well as clinical course.
Materials and methods
The files of the Department of Pathology and Laboratory Medicine of the Weill Cornell Medical Center/New York Presbyterian Hospital (New York, USA) were searched for splenectomy specimens from patients previously diagnosed with Philadelphia chromosome-negative myeloproliferative neoplasms, and which contained EMHP. Information concerning gross pathology on each case was obtained from the pathology records. Representative formalin-fixed, paraffin-embedded tissue blocks were selected for microscopic evaluation. Hematoxylin and eosin-stained sections were utilized to evaluate the splenic morphology. The histological growth pattern of EMHP was classified as diffuse, nodular, or mixed-nodular and diffuse. The classification of cases into diffuse EMHP required the presence of 475% diffuse pattern, and nodular EMHP required the presence of 475% nodular pattern. Cases without an obvious predominance of nodular or diffuse pattern were classified as mixed-nodular and diffuse EMHP. The cellular composition and spatial localization of each hematopoietic cell lineage was studied. The proportion of each hematopoietic lineage was graded semiquantitatively as 1 þ (o25% of total EMHP), 2 þ (25-50% of total EMHP) or 3 þ (450% of total EMHP). The localization of hematopoietic cells in microvessels, splenic sinusoids or splenic cords was evaluated.
Immunohistochemical stains were performed using an automated immunostainer (Bond Max, Leica Microsystems, IL, USA). The manufacturers and staining information are listed in Table 1 . Immunohistochemical stains for myeloperoxidase, glycophorin-C and CD42b were performed to analyze cells of the granulocytic, erythroid and megakaryocytic lineages, respectively. Additionally, immunohistochemistry for CD34, CD8, nerve growth factor receptor (NGFR) and smooth muscle actin (SMA) was performed to evaluate the stromal components, that is, microvessels, splenic sinusoids, adventitial reticulum cells and pericytes, respectively. Immunohistochemistry for CD34 and CD117 was performed to evaluate the presence of immature hematopoietic cells. Reticulin and trichrome stains were utilized to evaluate the extent of 
Results
The main clinical and morphological findings are summarized in Table 2 . Twenty-four splenectomy specimens from patients previously diagnosed with Philadelphia chromosome-negative myeloproliferative neoplasms were retrieved over a 14-year period. Where available, the original diagnostic reports and/ or slides, as well as clinical notes, were reviewed to confirm the initial diagnosis according to the current 2008 World Health Organization classification of chronic myeloproliferative neoplasms. 13 A total of 14 of these 24 patients were diagnosed with primary myelofibrosis, and 7 were diagnosed with polycythemia vera. For three cases, the original diagnostic pathology slides or reports, as well as adequate clinical information for further subclassification of the myeloproliferative neoplasm, were not available and were, therefore, diagnosed as myeloproliferative neoplasm not further classified. The patients ranged in age from 43 to 81 years (median 61 years) and included 15 males and 9 females (male to female ratio 1.7:1). The indications for splenectomy included symptoms due to large size, splenic infarction, intra-abdominal bleeding and increasing transfusion requirement due to splenic sequestration. The time from diagnosis to symptomatic splenomegaly ranged from 0 to 258 months (mean 88.7 months, median 46 months).
Histopathological Features
The weight of the spleens ranged from 965 to 7650 g (mean 3450 g, median 2691 g). The splenic weight did not correlate with the subtype of the myeloproliferative neoplasm. On gross examination, discrete nodular lesions were identified in only 2 of these 24 spleens (case 21 and case 23). Morphological examination of the spleens revealed three distinct histological growth patterns of EMHP: diffuse, nodular, and mixed-nodular and diffuse EMHP (Figure 1 ). Diffuse EMHP was seen in 12 cases, nodular EMHP in 5 cases, and mixed-nodular and diffuse EMHP in 7 cases. Those cases classified as diffuse EMHP showed hematopoietic proliferation in the red pulp in a predominantly diffuse growth pattern comprising greater than 75% of the total hematopoietic proliferation. Those cases classified as nodular EMHP showed well-defined nodules of hematopoietic proliferation comprising greater than 75% of the total splenic hematopoietic proliferation. Two of the five cases of nodular EMHP met the criteria for sclerosing extramedullary myeloid tumor.
14 One of these cases was associated with primary myelofibrosis, and in the other case, the myeloproliferative neoplasm could not be further sub-classified. Cases of mixed-nodular and diffuse EMHP showed variable proportions of diffuse and nodular areas of hematopoietic proliferation. The extent of the diffuse component of EMHP ranged from 40 to 60% (mean 47%, median 40%) in the cases of mixed EMHP. In these cases, the nodules were much smaller in size as compared with the well-defined larger nodules seen in cases of nodular EMHP. Although megakaryocytes were readily identifiable with hematoxylin and eosin staining, the erythroid and granulocytic precursors were better identified with glycophorin-C and myeloperoxidase immunohistochemical stains, respectively. The nodules of EMHP showed either panmyelosis or a predominance of erythroid precursors. Areas with a diffuse growth pattern of EMHP showed predominantly granulocytic precursors. The different hematopoietic cell lineages showed preferential spatial localization within the diffuse areas. Erythroid precursors were present predominantly within the splenic sinusoids, the granulocytic precursors were mostly within the splenic cords and megakaryocytes were observed in both sites ( Figure 2 ). Nine cases showed greater than 20% immature precursors, recognizable morphologically by the presence of large nuclei containing conspicuous nucleoli. The percentage of immature cells in these 9 cases ranged from 20 to 80% (mean 32%, median 20%). Three of these cases showed greater than 50% immature precursors and were diagnosed as compatible with extramedullary acute leukemic transformation ( Figure 3 ). Although this acute leukemic transformation is biologically related to myeloid sarcoma, the clinical context and morphological features, including the absence of a discrete tumor mass composed of immature cells, do not meet the criteria for a diagnosis of myeloid sarcoma as stated in the 2008 World Health Organization classification of tumors of hematopoietic and lymphoid tissues. 13 Peripheral blood samples at the time of splenectomy were available in all three cases. Bone marrow samples within 40 days before splenectomy were available in two of these three cases. In one case, the peripheral blood showed 15% circulating blasts and the bone marrow exhibited 40% blasts. The other two cases did not show circulating blasts in the peripheral blood. A bone marrow sample available from one of these two cases did not show increased blasts. In four of the nine cases with increased immature cells, the latter were of erythroid lineage, and in the remaining five, they were granulocytic precursors. In only one case did the immature precursors show positivity for CD34; however, in all the other cases, the immature cells were CD117 positive. Blast percentage in the peripheral blood at the time of splenectomy was available for seven of these nine patients. Bone marrow samples within 40 days before splenectomy (range 6 to 40 days, median 12 days) were available in five of these nine patients.
For cases with increased immature precursors, correlation of splenic findings with the blast percentages in the peripheral blood and bone marrow samples is summarized in Table 3 . The megakaryocytic morphology was pleomorphic with a mixture of large, normal and small cells, in part showing atypical nuclear features including abnormally clumped chromatin and Splenic extramedullary hematopoiesis S Prakash et al nuclear lobularity. Apoptotic forms were also frequently identified. In majority of the cases, the megakaryocytes were present in a scattered distribution (15 cases) with the remaining 9 cases showing additional areas of clustered megakaryocytes. The megakaryocytic number, morphology or distribution did not correlate with the specific architectural growth patterns, spleen size or degree of reticulin or trichrome fibrosis.
The architectural growth pattern, the relative proportions of each hematopoietic lineage, the presence of immature cells or megakaryocytic morphology failed to correlate with specific subtypes of myeloproliferative neoplasms.
When compared with normal spleens, those from patients with myeloproliferative neoplasms showed a variable degree of reticulin and collagen fibrosis ranging from mild to marked as identified with reticulin and trichrome stains, respectively. The degree of fibrosis was greater in nodular areas of EMHP as compared with the diffuse areas (Figure 4) . The splenic sinusoidal architecture as identified by immunohistochemical staining for CD8 showed changes that paralleled the architectural growth patterns of EMHP. The CD8 þ sinusoidal vasculature was preserved in the diffuse areas, whereas nodular areas of EMHP showed lack of CD8 þ sinusoids (Figure 1 ). Immunohistochemical stains for SMA and NGFR showed loss of pericytes and adventitial reticulum cells within the nodules of EMHP. However, these structures were retained in the diffuse areas ( Figure 5 ).
JAK2
V617F mutational analysis was informative in 14 of the 24 spleens. Mutated JAK2 V617F was identified in 7 of 14 cases, which included 4 of 8 cases with a diffuse growth pattern (3 heterozygous, 1 Abbreviations: EMHP, extramedullary hematopoietic proliferation; AML, acute myeloid leukemia; NA, not available. The case numbers correspond to the case numbers in Table 2 .
Splenic extramedullary hematopoiesis S Prakash et al homozygous), 1 of 3 cases with a nodular growth pattern (homozygous), and 2 of 3 cases with a mixed-nodular and diffuse growth pattern (both homozygous). When analyzed according to the subtype of Philadelphia chromosome-negative myeloproliferative neoplasm, JAK2 V617F mutation was identified in four of six cases of polycythemia vera (3 homozygous, 1 heterozygous), three of seven cases of primary myelofibrosis (1 homozygous, 2 heterozygous) and was absent in the single case of myeloproliferative neoplasm unclassified. Of the nine cases with increased immature hematopoietic cells in the spleen, JAK2
V617F mutational analysis was informative in five cases: two cases showed homozygous mutations (case 1 and case 24), one case showed heterozygous mutation (case 5) and two cases showed wild-type alleles (case 2 and case 22). Although the percentage of cases with a homozygous JAK2 V617F mutation in the spleen appears to be much higher in polycythemia vera, the number of cases in each group is very small to infer a relationship between the JAK2 V617F mutational status and histological growth pattern, presence or absence of increased immature cells or with the subtype of the myeloproliferative neoplasm. 
Clinical Follow-Up
Clinical follow-up was available in all 24 patients and ranged from 1 to 312 months (mean 80 months, median 67.5 months). Survival information was obtained from the clinical records as well as from the death registry. A total of 15 of the 24 patients were dead because of disease. The mortality rate did not show a correlation with the specific Philadelphia chromosome-negative myeloproliferative neoplasm subtypes: 36% in primary myelofibrosis (5 of 14 patients), 43% in polycythemia vera (3 of 7 patients) and 66.6% in myeloproliferative neoplasm-unclassifiable (2 of 3 patients). The duration from initial diagnosis to splenectomy was shorter in primary myelofibrosis (mean 49 months, median 31 months) as compared with polycythemia vera (mean 158 months, median 213 months). One case of polycythemia vera had a much shorter interval from initial diagnosis to splenectomy (10 months, case 5) as compared with the other cases of polycythemia vera; however, the diagnosis was confirmed based on the elevated hematocrit and red cell mass and low erythropoietin levels. Among the patients dead because of disease, the duration of disease from initial diagnosis to death was much shorter in patients with primary myelofibrosis (mean 57.8 months, median 40 months) as compared with those with polycythemia vera (mean 112 months, median 98.5 months). For the group of patients dead because of disease, the duration from diagnosis to splenectomy (mean 59.5 months, median 31 months) was shorter than the group that was alive with disease (mean 143 months, median 112 months). The mean spleen size was larger in the group dead because of disease (mean 4029 g, median 3720 g) than those alive with disease (mean 2484 g, median 2200 g). Information about cause of death was available in 10 cases. A total of 5 of these 10 patients died because of transformation to acute myeloid leukemia. The remaining five patients died because of septic complications secondary to decreased blood counts related to the spent phase of myeloproliferative neoplasm. In addition to the five patients that died of acute myeloid leukemia, two patients developed acute myeloid leukemia following splenectomy that responded to treatment and are alive with disease. All seven patients that developed acute myeloid leukemia following splenectomy showed greater than 20% immature precursors in the spleen.
Although the histopathological features did not correlate with specific myeloproliferative neoplasm subtypes, there appears to be a trend showing some correlation between the histological growth pattern of splenic EMHP and disease course ( Table 4 ). The duration from initial diagnosis to splenectomy was much shorter in patients with diffuse (83 months) and mixed growth patterns (93 months) as compared with those with nodular EMHP (127 months). The mean spleen weight was greater in mixed (4468 g) as compared with that in diffuse (3073 g) and nodular (3587 g) EMHP. The number of patients who died because of disease was highest in cases with mixed (5/7, 71%) followed by diffuse (8/12, 67%), and the lowest in nodular EMHP (2/5, 40%). As splenectomies for advanced-stage myeloproliferative neoplasms are not frequently performed, only a limited number of spleens are available for this study precluding evaluation of statistical significance of the differences in clinical behavior between the different histological patterns. A larger number of cases need to be studied to validate the trend observed between the histological patterns and clinical behavior in this study.
Discussion

O'Malley et al
9 demonstrated that 'neoplastic hematopoietic proliferations' seen in myeloid neoplasms can be distinguished from extramedullary hematopoiesis associated with reactive conditions on the basis of a combined morphological and immunohistochemical assessment. Our study also showed features similar to those described by O'Malley et al 9 in the spleens of patients with myeloproliferative neoplasms. These included abnormalities in the cytological features of megakaryocytes, including a tendency to cluster formation in a subset of cases.
In addition, our study of EMHP associated with Philadelphia chromosome-negative myeloproliferative neoplasms identified three distinct histological architectural growth patterns, that is, diffuse, nodular, and mixed-nodular and diffuse. These histological patterns did not correlate with the specific myeloproliferative neoplasm subtypes; however, there appeared to be a trend showing some correlation between the histological growth pattern of hematopoietic proliferation and clinical outcome. Cases with mixed and diffuse growth patterns appeared to have a shorter duration from diagnosis to splenectomy, as well as a worse overall survival than did cases with a nodular growth pattern. Progression to acute myeloid leukemia post-splenectomy was similar in the diffuse and nodular EMHP groups, and none of the cases of mixed EMHP showed leukemic transformation in the spleen or post-splenectomy. Therefore, it appears that differences in the frequency of acute leukemic transformation alone do not account for the different outcomes among the three groups of patients. A previous study by Mesa et al 11 identified the presence of diffuse, nodular and an immature granulocytic pattern of EMHP in 213 spleens from patients with myelofibrosis with myeloid metaplasia, based on histological examination of only hematoxylin and eosin-stained sections of spleen. In our study, in addition to the diffuse and nodular histological patterns, we identified a mixed-nodular and diffuse growth pattern in 29% of the cases studied. The nodules in the cases of mixed EMHP were morphologically different from those seen in nodular EMHP in that they were much smaller in size and not as sharply demarcated from the areas of diffuse EMHP. Given that there are cases of EMHP without an obvious predominance of nodular or diffuse areas, the criteria Mesa et al 11 used to classify their cases into the nodular and diffuse extramedullary hematopoiesis categories is unclear. Additionally, it is unclear if the immature granulocyte predominance pattern described by Mesa et al 11 showed a nodular or diffuse growth pattern. A more favorable clinical course and outcome in nodular EMHP suggested by our study was also seen in the study by Mesa et al. 11 Given that the proportion of diffuse areas comprised greater than 40% of the total EMHP in our cases of mixed growth pattern, it is conceivable, similar to the hypothesis by Mesa et al, 11 that hematopoietic cells within nodules of EMHP may acquire additional genetic events, leading to a diffuse growth pattern and more aggressive behavior.
The possible genetic mechanisms associated with the late stages of myeloproliferative neoplasms have begun to be elucidated. Although JAK2 V617F mutation is the most commonly identified mutation in Philadelphia chromosome-negative myeloproliferative neoplasms, the role of this mutation in disease 20 by studying paired samples from patients with myeloproliferative neoplasms, who later developed acute myeloid leukemia, found evidence of acquisition of mutations in TET2, a putative tumor suppressor gene, at leukemic transformation that was not present in the predominant myeloproliferative neoplasm clone. 19 The presence of mutations in IDH, ASXL1, IKZF1 and LNK has been demonstrated in cases of acute leukemic transformation of myeloproliferative neoplasms. 21, 22 In addition, various cytogenetic abnormalities have been shown to correlate with prognosis in myeloproliferative neoplasms, that is, favorable (sole trisomy 9, deletion 20q or deletion 13q) and unfavorable (complex karyotype or sole trisomy 8). [23] [24] [25] It would be of interest to determine if significant cytogenetic abnormalities associated with the nodular and diffuse areas exist. In cases of mixed EMHP, by separately studying the nodular and diffuse areas, it might be possible to determine if indeed the diffuse areas represent progression from nodular areas. Whether these or other molecular genetic or cytogenetic alterations differ in the nodular and diffuse areas remains to be determined. In the only other study on splenic EMHP in myeloproliferative neoplasms that attempted to correlate pathological features with clinical course, Mesa et al 11 suggested that immature granulocytic predominance was associated with a worse outcome. In our study, granulocytic predominance was seen in 5 of 12 cases of diffuse, 2 of 7 cases of mixed, and none of the cases of nodular EMHP. Erythroid predominance was seen in 4 of 12 cases of diffuse EMHP, 3 of which showed greater than 20% immature erythroid precursors and eventually progressed to acute leukemic transformation in the peripheral blood post-splenectomy. Evaluation of the predominant hematopoietic lineage of splenic EMHP in the 15 patients dead because of disease, showed a predominantly erythroid lineage in 6 cases, panmyelosis in 6 cases and a granulocytic predominance in the remaining 3 cases. Of the latter three cases, only one case showed greater than 20% immature granulocytic precursors. Therefore, the presence of granulocytic predominance by itself did not appear to correlate with outcome in our study. The limited database with very few cases showing a preponderance of immature granulocytic cells precludes evaluation of the significance of immature granulocytic precursors in our study. Of our three cases that showed greater than 50% immature precursors in the spleen, two showed predominantly immature erythroid precursors (cases 9 and 13) and one case showed immature granulocytic precursors including blasts. The absence of increased blasts in the simultaneously obtained marrow and peripheral blood in one of these three patients supports the previously published hypothesis that acute leukemic transformation can occur in the spleen, at least in a subset of patients with myeloproliferative neoplasms. 10 Although the reason for the different architectural organization of splenic EMHP seen in myeloproliferative neoplasms remains unclear, one could consider that differences in hematopoietic cell composition and associated structures could be due to different 'niches'. The concept of hematopoietic niches, that is, specialized microenvironments that are essential for the maintenance and function of hematopoietic cells, is generally well accepted in the bone marrow. 3 However, there is very little information in relation to the existence of splenic niches. As normal hematopoietic stem cell/ hematopoietic precursor cell trafficking is thought to be dependent on the integrity of both marrow osteoblastic and vascular niches, and the spleen is not normally a site of hematopoiesis in humans, it is hypothesized that a specialized hematopoietic microenvironment is established within the spleen in myeloproliferative neoplasms to which hematopoietic stem cell/hematopoietic precursor cell from the marrow can home and engraft, leading to sustained malignant multilineage hematopoiesis and progressive splenomegaly. Migliaccio et al 26 demonstrated abnormalities in the SDF-1/CXCR4 axis in the marrows of primary myelofibrosis patients that may contribute to the increased stem/progenitor cell trafficking observed in these patients. Studies using mouse models have shown that X-linked Gata 1 (low) mutation in mice induces strain-restricted myeloproliferative disorders characterized by extramedullary hematopoiesis in the spleen and liver, that Gata 1 (low) hematopoiesis is favored by the spleen as compared with the bone marrow, and that Gata 1 (low) hematopoiesis is not stem cell autonomous, but requires the permissive microenvironment of the spleen and liver. 27 The presence of distinct architectural growth patterns as well as preferential spatial localization of the specific hematopoietic lineages in the spleen as found in our study, that is, erythropoiesis within vascular sinusoids, granulopoiesis within splenic cords and megakaryopoiesis within both splenic cords and vascular sinusoids, supports the possibility of distinct hematopoietic niches within the spleen. Additionally, our observation that the splenic stromal and vascular architecture is preserved in diffuse EMHP as opposed to cases with a nodular growth pattern, suggests different interactions between the neoplastic hematopoietic cells and the microenvironment in the two groups.
In summary, our study showed the presence of distinct histological growth patterns in splenic EMHP in Philadelphia chromosome-negative myeloproliferative neoplasms, that is, diffuse, nodular, and mixed-nodular and diffuse. These histological patterns do not correlate with the myeloproliferative neoplasm subtypes, but do appear to show some correlation with clinical behavior. Additional studies including the evaluation of molecular genetic alterations in the different histological growth patterns should be useful in elucidating the biological differences, if any, between the three groups. The overall mortality rate of 62.5% in our study further supports the view that patients with myeloproliferative neoplasms, who require splenectomy, often succumb to complications of their disease.
The specific spatial localization of each hematopoietic cell lineage suggests the possibility of different types of splenic hematopoietic 'niches'. Cytokines and chemokines are thought to have an important role in disease pathogenesis in myeloproliferative neoplasms. The source of these mediators is still not well characterized. Although megakaryocytes are thought to be a major source of these mediators, the role of the microenvironment in the production and/or response to these cytokines and chemokines remains largely elusive. Additional studies evaluating the source as well as the role of cytokines and chemokines in maintaining splenic niches are required.
